ABSTRACT: We consider the proposal that predicts holographic duality between certain 2D minimal models at large central charge and Vasiliev 3D higher spin gravity with a single complex field. We compute the scalar correlator in the background of a higher spin black hole at order O(α 5 ) in the chemical potential α associated with the spin-3 charge. The calculation is performed at generic values of the symmetry algebra hs[λ] parameter λ and for the scalar in three different representations. We then study the perturbative data in the large λ limit and discover remarkable regularities. This leads to formulate a closed formula for the resummation of the leading and subleading terms that scale like O(α n λ 2n ) and O(α n λ 2n−1 ) respectively.
Introduction
In the striking paper [1] , Vasiliev higher spin theory on AdS 3 coupled to a complex scalar [2, 3] has been shown to be holographically dual to the conformal 2D coset conformal minimal models W N at large N. The precise limit that is considered has a large central charge and is parametrised by a single constant λ whose gravity meaning is that of labelling a family of AdS 3 vacua. The symmetry content of the two sides of the correspondence matches. In particular, the asymptotic symmetry algebra of the higher spin gravity theory is W ∞ [λ] [4] [5] [6] [7] which is also the classical symmetry of the dual CFT [1, 4] .
The bulk theory admits higher spin generalisations of the BTZ black hole [8, 9] as reviewed in [10] . The thermodynamical properties of these very interesting objects are in agreement with the proposed duality [11, 12] . However, these tests do not probe the dynamics of the higher spin gravity complex scalar that plays no role in matching the black-hole entropy. Indeed, black holes in AdS 3 are universal and explore the CFT thermodynamics at high temperature, which in two dimensions is only determined by the chiral algebra and is insensitive to the microscopic features of the conformal theory.
The quantum fluctuations of the complex scalar have been studied in [13] by computing the bulk-to-boundary scalar correlator in the background of the 3D higher spin black hole analysed in [11] , at least to first order in the spin-3 charge chemical potential α and for a special value of the λ parameter. Later, the authors of [14] , extended the calculation to O(α 2 ) and, remarkably, demonstrated explicitly the agreement with a CFT calculation.
In this paper, we considered again the correlator for the scalar field transforming in three different representations of the higher spin algebra. To be precise, this means that one assigns a higher representation Λ + of the symmetry algebra to the scalar dual CFT primary. In the bulk, the Vasiliev master field C obeys the equation dC + A C − C A = 0 where the higher spin gauge connections A, A are in the representation Λ + . This implies that, in the bulk, the master field C actually corresponds to an infinite tower of fields with different masses. The details of the spectrum can be worked out by decomposing Λ + into irreducible representations of sl(2) as discussed in [15] . In each case, we computed the propagator at order O(α 5 ), by applying the powerful methods introduced in [14, 16] . The reason for such a brute-force calculation is the idea that some regularity could be observable once we have enough perturbative data to inspect. In particular, we looked for special features of the large λ regime in the spirit of [17] . The idea is that, beyond the large N limit that defines the correspondence, there is another parameter that it is meaningful to take large. Indeed, for λ = −N , the higher spin calculation truncates to that of a sl(N ) ⊕ sl(N ) Chern-Simons 3D gravity theory. Taking N to be large could lead to some simplifications in the structure of the perturbative corrections as it happens in SU(N ) gauge theories. This kind of reasoning proved to be successful in the study of the black hole partition function [17] .
Although optimistic, this simple attitude turns out to be correct, even beyond the leading order. For the three considered representations of the scalar, we show that all corrections of the order O(α n λ 2n ) and O(α n λ 2n−1 ) can be resummed in closed form. Also, the extension of the results to a generic K-antisymmetric representation ( ⊗K ) A appears to be straightforward, once one recognises that the representation dependent feature of the resummation formula is encoded in the spin-3 zero mode eigenvalue of the highest weight of ( ⊗K ) A .
The plan of the paper is the following. In Sec. (2) 
As shown in [18] , it is possible to choose a gauge where the black hole solution can be written in the form
3)
where b = e ρ V 2 0 and a, a are constant connections without radial components a ρ = a ρ = 0. The black hole solution with higher spin charges found in [11] has the following explicit expression of the holomorphic connection
Here, is the lone star product [19] , (L, W ) are the stress tensor and spin-3 charges, while J n are higher spin charges. Finally, k is the Chern-Simons level. The explicit expansion of the charges in powers of the chemical potential α associated with the spin-3 charge have been derived in [11, 17] . At order O(α 5 ), we shall need the following expressions, 
From the explicit form of the charges, one can derive the thermal partition function and the black hole entropy [20, 21] .
Scalar correlator in higher spin gravity
Let us briefly summarise how to compute the scalar bulk-boundary propagator in 3D higher spin gravity, see for instance [15, 16, [22] [23] [24] . Our presentation closely follows [14] whose notation we adopt. Assuming the gauge choice (2.3), we define
Then, for a bulk scalar with mass m 2 = ∆ (∆ − 2) transforming in a representation of hs[λ], the bulk-boundary propagator reads
where c is a highest weight of hs[λ], i.e. an eigenstate of V 2 0 under star product. The boundary two-point correlator between two dual fields at positive infinity can be extracted by taking the ρ → +∞ limit giving from AdS/CFT duality
In the following, we shall consider the defining representation of hs[λ] and its antisymmetric powers. Then, c is the projector onto the highest weight state c = |hw hw| that can be built explicitly from the infinite-dimensional matrix realisation of hs 5) and in the large ρ limit we find
Due to the above factorisation, we shall consider the purely left-moving part without loosing any information. In particular, this means that a z will play no role in the following.
Structure of the scalar correlator in the black hole background
For a scalar in a generic representation of hs[λ], we have [14, 16] 
The corrections R (1) and R (2) have been computed in [14] for the fundamental and representations. The calculation is done in the bulk and it is matched on the CFT side where the relevant dual quantity is the torus two-point function of a scalar primary in the presence of a deformation of the conformal theory by a holomorphic spin-3 operator.
Here, we perform an order O(α 5 ) calculation including also the representation. In all cases, the general structure of R (n) turns out to be the following:
where p (n) m,k (λ) are degree 2n polynomials and the variables Z, Z are
The extension of the results obtained in [14] is fully straightforward. Here, we just point out a few details that can be useful in order to increase the efficiency of the calculation. First, one assumes that the functions p 
and computing
where the sum is over the signed permutations of the labels {1, . . . , k} in the kets. The most time consuming part of the calculation is the construction of the exponential e −Λ 0 . We expand −Λ 0 = ∑ ∞ n=0 α n X n and write the expansion of the exponential as
we obtain E 0 (t) = e t X 0 , (5.5)
Finally, the desired exponential is recovered by setting t = 1. The building block E 0 (t) is efficiently computed by noting that X 0 is diagonalised exploiting the relation 2
This change of basis can be done at the beginning and undone before taking matrix elements.
We have computed the polynomials p (n) m,k (λ) for n ≤ 5 for the the three representations , , . The results for n ≤ 4 are listed in Appendix B 3 .
6 Consistency checks
Representation constraints
Let us denote by R the ratio R with the replacement α → −α. For simplicity, we can set Z = 0, since that variable is always paired with Z according to (4.3). We have
These properties are simply understood in terms of equivalences of representations of sl(N ) at the above special values of N .
Zero temperature limit
An interesting regime is the zero-temperature limit where µ = α/τ is fixed and τ, τ → ∞. This is the chiral deformation background discussed in [16, 24] . The constant flat connection reads in this limit
In [14] , it has been proved that
2 Notice that (5.7) is consistent with the fact that the BTZ black hole holonomy is in the center of the group HS[λ] which is the formal exponential of hs[λ] [16] . Indeed, this condition requires exp(2 π τ i τ V 2 0 ) = exp(2 π i V 2 0 ) = I which is true since V 2 0 is diagonal with integer non zero elements. 3 The explicit polynomials for n = 5 are available upon request to the authors.
In Appendix C, we prove with a similar calculation that 
We have checked that our explicit expression for R obeys this limit at order O(µ 5 ).
Leading and subleading order resummation at large λ
An interesting limit of the scalar correlator is the one where λ → ∞. This regime has been recently explored in [17] in the case of the higher spin black hole partition function. One finds that, with a suitable normalisation of hs[λ] generators, the large λ limit is smooth and non trivial. Indeed, all higher spin charges are turned on and contribute. Here, we shall also find that the correlators have a sensible large λ limit. The truncation at λ = −N suggest a possible treatment of this regime. The considered observables have a polynomial dependence on λ, at least at each order of perturbation theory in α. This means that the large λ limit in hs[λ] is the same as the large N limit in the sl(N ) ⊕ sl(N ) ChernSimons gravity. One expects that considering sl(∞) could lead to some special properties as in the case of standard 1/N expansion of SU(N ) invariant gauge theories.
In the present case of the scalar correlator, we have investigated the large λ limit and found a remarkable regularities of the leading and subleading terms order by order in the expansion in powers of the spin-3 charge chemical potential. Indeed, from the explicit expressions of the ratio R r , we discover that for the three considered representations r = , , it is possible to resum all the contributions at leading order O(α n λ 2n ), as well as the next-to-leading terms O(α n λ 2n−1 ). To present the resummation, we introduce the following coefficient associated with the K-antisymmetric representation
and the two functions
Then, we have the rather simple formula
Resummation works as follows. The argument of the exponential captures all terms ∼ α n λ 2n and introduces also some contributions of order α n λ 2n−1 . The correction in parenthesis completes the resummation of all contributions of order α n λ 2n−1 . From the CFT calculation of the O(α) contribution to R, we identify the meaning of c r . It is the eigenvalue of the zero mode of the W ∞ spin-3 generator on the dual primary. In terms of hs [λ] , this is the eigenvalue of V 3 0 on the highest weight. A straightforward calculation gives indeed
The resummation formula (7.4) is our conjecture and we have tested it up to the order O(α 5 ) included.
Conclusions
In this paper, we have considered the duality between Vasiliev 3D higher spin gravity and W N minimal models. We have computed the correlator of the bulk complex scalar in the background of a higher spin black hole and we have determined the exact dependence on the symmetry parameter λ at order O(α 5 ) where α is the chemical potential associated with the spin-3 charge of the black hole. We have analysed the perturbative data in the large λ limit where we had some expectations that some simplification could occur. We found special regularities and proposed a resummation of all the leading and subleading contributions that take the form O(α n · {λ 2n , λ 2n−1 }).
We believe that such non-trivial property of the perturbative expansion could be explained, and possibly extended, in terms of a systematic 1/N expansion of the sl(N ) ⊕ sl(N ) Chern-Simons gravity theory. Alternatively, a suitable contraction of the symmetry algebra hs[λ] could be devised in order to capture the corrections considered in this paper.
A The infinite dimensional algebra hs[λ]
The hs[λ] algebra is generated by V s m with s ≥ 2 and |m| < s. The lone-star operation [19] is the associative product defined by 
is the descending Pochammer symbol. An infinitedimensional matrix representation of hs[λ] is obtained by starting with the following infinite-dimensional matrix representation of sl(2) (we list the non-zero elements ) 5) and building the other generators according to
A very important property of this representation is that setting λ = −N , a negative integer, and restricting V s m to the set with s ≤ N , we obtain a N × N dimensional representation of sl(N ) by restricting the infinite dimensional matrices to their first N rows and columns. Also, the lone-star product becomes simply matrix multiplication.
B Non-zero polynomials
In this section we report the explicit expressions for the polynomials appearing in (4.3).
B.1 Fundamental representation
Let us define f = (λ + 1)(λ + 2). (B.1)
We have: 
